High-frequency ESR results on the S = 1/2 Heisenberg hexagonal antiferromagnet InCu 2/3 V 1/3 O 3 are reported. This compound appears to be a rare model substance for the honeycomb lattice antiferromagnet with very weak interlayer couplings. The hightemperature magnetic susceptibility can be interpreted by the S = 1/2 honeycomb lattice antiferromagnet, and it shows a magnetic-order-like anomaly at T N = 38 K. Although, the resonance field of our high-frequency ESR shows the typical behavior of the antiferromagnetic resonance, the linewidth of our high-frequency ESR continues to increase below T N , while it tends to decrease as the temperature in a conventional three-dimensional antiferromagnet decreases. In general, a honeycomb lattice antiferromagnet is expected to show a simple antiferromagnetic order similar to that of a square lattice antiferromagnet theoretically because both antiferromagnets are bipartite lattices. However, we suggest that the observed anomalous spin dynamics below T N is the peculiar feature of the honeycomb lattice antiferromagnet that is not observed in the square lattice antiferromagnet.
portant roles. [4] [5] [6] [7] [8] [9] In two-dimensional (2D), two simple bipartite lattices with nearest-neighbor antiferromagnetic (AF) interactions, namely, a square lattice and a honeycomb lattice, exist where they undergo AF order in the large S limit. 10) On the other hand, the quantum fluctuation for S = 1/2 enhanced by the frustration and distortion of interactions may destroy the AF order. However, theoretical studies about the existence of the disordered state in the J 1 -J 2 model of the S = 1/2 square lattice are still controversial. 10) In contrast, the AF order in the S = 1/2 honeycomb lattice is more fragile to the quantum fluctuation because its coordination number 3 is smaller than 4 of the square lattice. Therefore, there are many theoretical studies of honeycomb lattices. [10] [11] [12] [13] [14] [15] In particular, Takano studied the honeycomb lattice antiferromagnet with frustration by the second-neighbor AF interaction J 2 and dimer-like distortion in the nearest-neighbor AF interaction J 1 by the nonlinear model (NLSM). 10) He obtained a ground state phase diagram consisting of an ordered AF phase and a disordered spin-gap phase, and suggested that the spin-gap phase for a honeycomb lattice is larger than that for the J 1 -J 2 model on a square lattice, in the case of S = 1/2 supporting the fragileness of AF order in a honeycomb lattice. 10) Therefore, the spin dynamics near T N may be different between honeycomb and square lattice antiferromagnets, and the ESR measurement conducted to find the peculiar spin dynamics in the honeycomb lattice antiferromagnet will be a very interesting issue.
Although the model substance is important for the experimental study as shown in the case of 1D systems, the model substance is rare for the honeycomb lattice. The only known model substances for the honeycomb lattice are InCu 2/3 V 1/3 O 3 16) and Na 3 T 2 SbO 6 , 17) while InCu 2/3 V 1/3 O 3 is the only system with equivalent exchange interactions. The crystal structure of InCu 2/3 V 1/3 O 3 has a hexagonal space group of P 6 3 /mmc with the lattice parameters a = 0.33564 nm and c = 1.1908 nm. 16) The magnetic ion is Cu 2+ (S = 1/2), which is surrounded by a trigonal-bipyramidal coordination of oxygen ions, as shown in Fig. 1(a) . The Cu 2+ network in the c-plane is expected to take a honeycomb structure, as shown in Fig. 1(b measurement. As the single crystal InCu 2/3 V 1/3 O 3 is not currently available, the magnetically aligned sample is prepared by mixing the powder sample and epoxy resin at a static field of 10 T at room temperature. To apply the static field, the He-free magnet manufactured by JASTEC is used. After 5 to 24 hours, the epoxy resin hardens and the magnetically aligned sample is produced.
In the powder-pattern ESR spectrum shown in Fig. 2 , where it reflects the integration of ESR over the entire magnetic field angles, the peaks ESR1 and ESR2 correspond to the cases when the magnetic field is applied to the principal axes. 22) The separation of ESR1 and ESR2 is due to anisotropic g-values. The separation of ESR1 and ESR2 was not possible in the previous powder X-band ESR experiment, because of the small anisotropy of g-values.
However, it is possible in the case of using a higher frequency because of the higher spectral resolution of high-frequency ESR. 2.02 ± 0.01. Since the spectral weight of ESR1 is larger than that of ESR2 as shown in Fig.   2 (a), g 1 and g 2 can be assigned as g ⊥ (perpendicular to the c-axis) and g // (parallel to the caxis), respectively. 24) Therefore, the orbital ground state of InCu 2/3 V 1/3 O 3 can be considered as 3z 2 − r 2 . It should be noted that in most Cu 2+ systems, the ground state is a x 2 − y 2 state, where g // is larger than g ⊥ . 24) However, the 3z 2 − r 2 ground state is a characteristic of an elongated bipyramidal crystal field (Fig. 2(b) ) and is supported by the optical measurement and molecular orbital calculation. 16) The previous X-band ESR of the magnetically aligned sample also suggested the same conclusion with g a = 2.24 and g c = 2.00, which were supported by the X-ray diffraction measurement. (1)) and dashed and dotted lines (B // easy axis, eq. (2)) show the AFMR modes expected using the conventional mean field AFMR theory.
22)
where ω, γ, B m , B exp , and C are the angular frequency, gyromagnetic ratio, modified field, experimental resonance field, and antiferromagnetic (AF) gap, respectively, and B m = B exp (g/2). Here, g = 2.24 and g = 2.02 are used for the B // hard and easy axes, respectively.
The obtained AF gap is C = 180 GHz from the analysis results. Moreover, it is clear from Fig. 4 that the observed resonances at 1.8 K can be well explained using the AFMR theory, and Figs. 3 and 4 support the fact that T N = 38 K is the Néel order. However, the spin-flop transition at around 7 T, which can be estimated from the AF gap using the conventional mean field theory, 22) was not observed by our magnetization measurement at 1.8 K using the pulsed magnetic field.
Although the resonance fields at 1.8 K can be interpreted using the AFMR theory, the linewidth of AFMR seems to be broader as the temperature decreases below T N as shown in Fig. 3 , while it becomes sharper as the temperature decreases below T N in the case of the conventional AFMR. 22) Therefore, in order to obtain a better insight into the spin correlation of the system, we have investigated the temperature and frequency dependences of the highfrequency ESR of the magnetically aligned sample in detail. Figure 5 shows the temperature dependence of ESR linewidth for the B // aligned direction. Above T N , the linewidth tends to diverge at all frequencies as the temperature approaches T N owing to the spin fluctuation, which is a typical behavior of the antiferromagnet, as discussed by Mori and Kawasaki. 25) Although such a divergence tends to occur below T /T N = 1.1 from the theory, the linewidth starts to increase below T /T N = 2.5 in our case, which can be understood by the short-range 
